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MONITORING POWER SOURCE VOLTAGE 



[Claims] 

[Claijn 1] In a unit for Mnltorljlg a power sQarce 
vol tage herein a voltage of a power source is monitored which 
is used as a source for operating a device, and, when the voltage 
of the power source (hereinafter referred to as a power source 
voltage) becomes at or below a specified value, , sig nal 
indicating this is outputted to a central processing unit 
provided in the device, the unit characterized by comprising: 
an A/D converting means for converting the power source 
voltage to a digital signal; 

a timer means for outputting a timing si g„ a i with a 
specified period; 
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an a/d conversion control means tar receiving the tiding 
signal with the specified period from the ^ ^ ^ 

giving an instruction to the A/D converting means to start the 
A/D conversion with the specified period; 

a reference voltage setting ffleans for providing , 
reference voltage set by the central processing unit; and 

a comparing means for comparing the reference voltage 
set at the reference voltage setting means with the power source " 
voltage digitized by the a/d converting means each the 
specified period, and for outputting, when the power source 
voltage becomes at or below the reference voltage, a signal 
to the central processing unit which signal indicates that the 
power source voltage becomes at or below the reference voltage. 

[Claim 2] A unit for monitoring a power source voltage 
as clawed in claim 1 charactered in that the A/D converting 
means is provided by using an A/ D converting means originally 
provided in the device, and the timer means , the A/D converting 
control means, the reference voltage setting means and the 
comparing means are contained on the same chip on which the 
A/D converting means is contained. 

[ Claim 3 J a unit for monitoring a power source voltage 
as clai.aed in claim 1 or 2 characterized in that at least the 
Period of the timing signal outputted from the timer means and 
the reference voltage set at the reference voltage setting 
*eans are initialized by the central processing unit, and, an 
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operation after the initialisation thereof is carried out 
independently of the centra! processing unit until the power 
source voltage becomes at or below the reference voltage and 
tne signal indicating that the power source voltage beco.es 
at or below the reference voltage is outputted to a central 
processing unit. 

[Claim 4] m a method for monitoring a power source- 
voltage wherein a voltage of a power source is monitored which 
is used as a source for operating a device, and, when the voltage 
of the power source (hereinafter referred to as a power source 
voltage, becomes at or below a specified value, a signal 
indicating this is outputted to a central processing unit 
provided in the device, the method characterized by: 

generating a timing signal with a specified period; 
converting the power source voltage into a digital signal by 
the timing signal ; comparing the power source voltage converted 
into the digital signal with a set reference voltage; and, when 
the power source voltage beco.es at or below the reference 
voltage, outputting a signal to the central processing unit 
which signal indicates that the power source voltage becomes 
at or below the reference voltage. 

IClai* 5I A methoa for moQitorlilg ^ power sQujrce 

voltage as clawed in clam 4 characterized in that at least 
the period of the t Wg signal anQ ^ xmtmBeQ ^ 

initialed by the central processing unit, and, an operation 
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after the initialization thereof is carried oat independently 
of the central processing unit until the power source voltage 
becomes at or below the reference voltage and the signal 
indicating that the power source voltage becomes at or below 
the reference voltage i s outputted to the central processing 



unit. 



[Claim 6] a recording medium recorded with a 
processing program for monitoring- a power source voltage 
whereby a voltage of a power source is monitored which is used 
as a source for operating a device, and, when the voltage of 
the power source (hereinafter referred to as a power source 
voltage) becomes at or below a specified value, a signal 
indicating this is outputted to a central processing unit 
provided in the device, the recording medium characterized in 
that the processing program is provided so as tor 

make the central processing unit initialize at least each 
of a period of a timing signal determining a timing for 
monitoring the power source voltage and a reference voltage 
as a reference for judging whether or not the device can be 
normally operated by the power source voltage; make a timing 
signal with the initialized period to be generated; convert 
the power source voltage into a digital signal by the timing 
signal; compare the power source voltage converted into the 
digital signa i with the initialized reference voltage; and, 
when the power source voltage becomes at or below the reference 
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voltage, output a signal to the central processing unit which 
signal indicates that the power source voltage becomes at or 
below the reference voltage. 

[Detailed Description of the Invention] 
[0001] 

nndustrial P i ead of Application] The present invention 
relates to a unit and a method for monitoring a power souroe . 
voltage and a recording medium recorded with a processing 
program for monitoring the power source voltage which monitor 
a voltage of a battery in an electronic device in which the 
battery can be used as a power source. 
[0002] 

[Prior Art, Although a X00V commercial power source is made 
usable with an aid of an AC adapter as a power source of some 
small electronic device, for example a portable information 
processing device, batteries are often used as the power source 
of such a device in general. 

[0003] ^en a battery is USed as a power SQurce ^ ^ 

a small electronic device, various kinds of batteries such as 
an alkali battery, « nickel-cadmium battery, and a nickel metal 
hydride battery etc. can be used in many cases. 
[0004] inmost of such kinds of batteries, however, output 

voltages thereof are a little different from one another 
depending on the kind of the battery even they are provided 
in the same AA-sise, for exaj.pie. Therefore, when any kind 



5 



WWW M W U V 



of battery can be made used in the device, voltages to be 
monitored become different depending on the kinds of batteries . 
For example, for an alkali battery most generally used, the 
voltage is 1.5V, while, those for a nickel -cadmium battery and 
a nickel metal hydride battery are 1.2V. 

[0005] when two of each kind of such batteries are used 

as a Power source, a voltage with which the device is normally 
operated (referred to as allowable voltage) becomes different 
depending on the kind of used batteries. For example, the 
allowable voltage is taken as 2.GV for the alkali batteries 
and 2.1V for the nickel-cadmium batteries. Thus, the 
allowable voltages which can operate the devices are different 
depending on the kind of battery. 

[0006] in general, in such a kind of electronic device, 

a power source voltage monitoring circuit is normally provided, 
by which the power source voltage is monitored as to whether 
^ the power source voltage is at or above the allowable voltage 

or not. Figure 4 shows an example of a conventional power 
source voltage monitoring circuit (hereinafter referred to as 
a first prior art) 

[0007] The first prior art is, as is apparent from Fig. 

4, provided with a plurality of voltage monitoring ics 1C1, 
IC2 , ... corresponding to respective kinds of batteries . By 
the voltage monitoring ics IC1, IC2, . voltages of the 
respective kinds of batteries ace monitored, so that, when a 
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monitored voltage becomes at or below a voltage that is set 
beforehand, corresponding one of interrupt signals si, s2. ... 
is outpatted to a central processing unit (hereinafter referred 
to as CPU) 3, by which a control is carried out such that the 
power source circuit is shut down. 

[0008] Namely, the voltage monitoring ICs IC1, ic2, 

are provided with comparator circuits 11,21, ... and reference 
voltage generating circuits 12, 22,- with the reference 

voltage generating circuits 12, 22, ... set so as to generate 
reference voltages vl, v2, ... , respectively, which are 
different from one another. For example, the reference 
voltage vl of the reference voltage generating circuit 12 is 
at 2.6V and the reference voltage v2 of the reference voltage 
generating circuit 22 is at 2.1v* in this way, the reference 
voltage generating circuits 12 and 22 axe set to generate 
reference voltages different from each other. 
[0009] with this, for example, the voltage monitoring IC 

1 is to be used for an alkali battery and the voltage monitoring 
IC 2 is to be used for a nickel-cadmium battery, in this way, 
a voltage monitoring is carried out by using the voltage 
monitoring ics corresponding to respective batteries. 
[0010] with such a constitution, it becomes possible to 

carry out a voltage monitoring in compliance with differences 
in characteristics due to battery types, in the first prior 
art, however, the voltage monitoring IC becomes necessary for 
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every voltage desired to be monitored. This increases the 
number of components to result in an increase in cost and 
necessitates corresponding mounting spaces of the components 
to become an obstacle to miniaturization. 

[0011] Furthermore, the first prior art, since each of 

the reference voltages vl, v2 is made to have a fixed value, 
also offers a problem in that the device can not comply with 
a temporary voltage variation due to operation condition of 
the device . For example , an operation of the device with large 
voltage consumption causes a temporary drop in a voltage of 
a battery. The battery voltage, however, generally recovers 
to a voltage that sufficiently allows to be used again after 
such an operation. 

[0012] m this casef at the Qf ^ temE>orary 

of the battery voltage, a reference voltage with a fixed value 
results in causing to output an interrupt signal to the CPU 
2 indicating that the battery voltage becomes at or below the 
reference voltage. This makes the CPU 2 judge that the battery 
voltage becomes at or below the reference voltage, which causes 
an undesirable result that a processing corresponding to the 
judgement (for example, carrying out a shut down processing 
to the power source circuit) is carried out. 
[0013] as described above, there were several problems 

in the first prior art. Compared with this, there is a method 
in which, as shown in Fig. 5 , a poj^r source voltage of a battery 
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is converted to a digital signal by an A/D converter 4 and, 
by using tne digital signal, the CPU 3, which carries out an 
entire control or processing of a device, also carries out a 
monitoring and control of the power source voltage (hereinafter 
referred to as a second prior art) . 

[0014] m the second prior art, the CPU 3 carries out the 

monitoring of the power source voltage of the battery by means 
of a software processing . in the processing, the power source 
q voltage is monitored on the basis of the digital signal from 

the a/d converter 4 in accordance with a program prepared 
beforehand. Namely, the A/D converter 4 is started to operate 
at specified intervals for carrying out an A/d conversion of 
the power source voltage by an A/D conversion control signal 
from the CPU 3 . The CPU 3 receives the digitized voltage to 
carry out a control corresponding to the voltage. For example, 
letting an inputted source voltage be vi, the vi is subjected 
to an operation such as comparison with the reference voltage. 
When the source voltage vi is judged to be at or below the 
reference voltage, a control operation such as a shutdown is 
carried out to the power source circuit. 

[0015] According to this method, the CPU 3 carries out 

the monitoring of the power source voltage by means of software . 
Therefore, the power source voltage to be monitored can be set 
freely so as to be capable of complying with a temporary voltage 
variation. Furthermore, there^Ls no necessity of providing 



9 



a plurality of the voltage monitoring ICs to make the method 
more advantageous than the first prior art from viewpoints of 
a cost and a mounting space for components. 
[0016] 

[Problems to be Solved by the Invention] The second prior 
art, however, carries out the power source voltage monitoring 
processing with the CPU 3 provided in the device. This makes 
a part of a processing capacity of the CPU 3 to be used for 
carrying out the power source voltage monitoring, which causes 
a problem of increasing a burden on the CPU 3. In general, 
a CPU for such a kind of small electronic device is used only 
with a limited processing capacity from viewpoints of the cost 
and the mounting space. 

[0017] Therefore, it is made desirable for the CPU 3 to 

be less used for a processing other than various ones which 
the device must carry out for the original purpose thereof. 
Moreover, in the second prior art, the CPU 3 must be always 
in operation for carrying out the voltage monitoring. This 
also causes a problem of increasing power consumption of the 
CPU 3. 

E001B] Thus, even the second prior art was still 

susceptible to improvement. 

[0019] Accordingly, it is an object of the present 

invention to reduce a burden on a CPU provided in a device, 
to allow a highly precise powerjjource voltage monitoring in 
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compliance with various types of batteries regardless of 
characteristics of usabXe batteries, and to make it possible 
for the monitoring to be carried out with a reduced cost and 
a saved space. 
[0020] 

[Means for Solving the Problems] in order to achieve the 
above object, a unit for monitoring a power source voltage as 
claimed in claim 1 in the present invention is, in a unit for 
monitoring a power source voltage wherein a voltage of a power 
source is monitored which is used as a source for operating 
a device, and, when the voltage of the power source (hereinafter 
referred to as a power source voltage) becomes at or below a 
specified value, a signal indicating this is outputted to a 
central processing unit provided in the device, constituted 
by comprising an A/D converting means for converting the power 
source voltage to a digital signal; a timer means for 
outputting a timing signal with a specified period; an A/d 
conversion control means for receiving the timing signal with 
the specified period from the timer means, and for giving an 
instruction to the A/D converting means to start the A/d 
conversion with the specified period; a reference voltage 
setting means for providing a reference voltage set by the 
central processing unit; and a comparing means for comparing 
the reference voltage set at the reference voltage setting 
means with the power source xaJtage digitized by the A/D 
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converting means each the specified period, and for outputting, 
when the power source voltage becomes at or below the reference 
voltage, a signal to the central processing unit which signal 
indicates that the power source voltage becomes at or below 
the reference voltage. 

[0021] in addition, the unit is constituted so that the 

A/D converting means is provided by using an A/D converting 
means originally provided in the device, and the timer means, 
the A/D converting control means , the reference voltage setting 
means and the comparing means are contained on the same chip 
on which the A/D converting means is contained. 
[0022] Furthermore, the unit is constituted so that at 

least the period of the timing signal outputted from the timer 
means and the reference voltage set at the reference voltage 
setting means are initialized by the central processing unit, 
and, an operation after the initialization thereof is carried 
out independently of the central processing unit until the 
power source voltage becomes at or below the reference voltage 
and the signal indicating that the power source voltage becomes 
at or below the reference voltage is outputted to a central 
processing unit. 

[0023] Moreover, a method for monitoring a power source 

voltage as claimed in claim 4 in the present invention is, in 
a method for monitoring a power source voltage wherein a voltage 
of a power source is monitored «*alch is used as a source for 
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operating a device, and, when the voltage of the power source 
(hereinafter referred to as a power source voltage) becomes 
at or below a specified value, a signal indicating this is 
outputted to a central processing unit provided in the device, 
carried out so as to generate a timing signal with a specified 
period; convert the power source voltage into a digital signal 
by the timing signal; compare the power source voltage 
converted into the digital signal with a set reference voltage; 
and, when the power source voltage becomes at or below the 
reference voltage, output a signal to the central processing 
unit which signal indicates that the power source voltage 
becomes at or below the reference voltage. 
[0024J m addition, at least the period of the timing 

signal and the reference voltage are initialized by the CPU, 
and, an operation after the initialization thereof is carried 
out independently of the CPU until the power source voltage 
becomes at or below the reference voltage and the signal 
indicating that the power source voltage becomes at or below 
the reference voltage is outputted to the CPU. 
tO025] A recording medium recorded with a processing 

program for monitoring a power source voltage as claimed in 
clai* 6 in the present invention is a recording medium recorded 
with a processing program for monitoring a power source voltage 
whereby a voltage of a power source is monitored which is used 
as a source for operating a device, and, when a voltage of the 
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power source (Hereinafter referred to as a power source 
voltage) becomes at or below a specified value, a signal 
indicating this is outputted to a central processing unit 
provided in the device, and the processing program for 
monitoring the power source voltage is provided so as to make 
the central processing unit initialize at least each of a period 
of a timing signal determining a timing for monitoring the power 
source voltage and a reference voltage as a reference for 
judging whether or not the device can be normally operated by 
the power source voltage; make a timing signal with the 
initialized period to be generated? convert the power source 
voltage into a digital signal by the timing signal; compare 
the power source voltage converted into the digital signal with 
the initialized reference voltage; and, when the power source 
voltage becomes at or below the reference voltage, output a 
signal to the central processing unit which signal indicates 
that the power source voltage becomes at or below the reference 
voltage. 

[0026] Thus , the present invention , when a battery is used 

as a power source, makes it possible to monitor the power source 
voltage in compliance with the kind of the battery being used. 
Namely, the reference voltage is made so that it can be set 
as desired by software processing carried out by the CPU, and 
the reference voltage is compared with a digitized power source 
voltage to thereby carry out a monitoring of the voltage. At 
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this time, the CPU only carries out the initialization setting 
of the reference voltage, which is followed by an intermittent 
voltage monitoring operations by a timer carried out 
independently of the CPU. When the power source voltage 
becomes at or below the reference value, a signal indicating 
this is first sent to the CPU. 

[0027] with such an operation, there arises little 

necessity for the CPU to carry out processing for the voltage 
monitoring, which allows the processing capacity of the CPU 
to be spent for processing which the device must carry out for 
the original purpose thereof other than the voltage monitoring. 
Moreover, when the device carries out no processing, the CPU 
can be kept in a sleep mode to make it possible to hold the 
power consumption of the CPU in low, and yet even during such 
a sleep mode, the power source voltage monitoring unit can carry 
out the voltage monitoring operation. 

[0028] m addition, the reference voltage can be set as 

desired by means of software processing carried out by the CPU. 
This makes it possible to suitably set the reference voltage 
of the battery in compliance with types of batteries to make 
it unnecessary to provide a plurality of voltage monitoring 
circuits each with a fixed reference voltage. Furthermore, 
it becomes possible to set also the period of the power source 
voltage monitoring as desired by the software processing 
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carried out by the CPU. Thus, it can be made possible to carry 
out operations in compliance with various situations. 
[0029] Moreover , the power source voltage monitoring unit 

according to the present invention can be brought into 
realization with some inexpensive components contained on a 
chip originally provided in the device- This does not largely 
affect on the cost and mounting space to make it possible to 
contribute cost reduction and miniaturization of the whole 
device . 
[0030] 

[Modes for Carrying out the Invention] 

The modes for carrying out the present invention will 
be explained in the following with reference to the drawings. 
[0031] Figure 1 is a basic configuration diagram 

illustrating a mode for carrying out the present invention. 
In Fig. 1, a section surrounded with a broken line is a power 
source voltage monitoring unit 40 according to the present 
invention, m the mode, there is shown an example in which 
the power source voltage monitoring unit 40 according to the 
present invention is applied to a portable information 
processing device, for example. The portable information 
processing device is the one to which handwritten information 
can be inputted from a touch panel or a voice input is possible 
from a microphone. However, a detailed configuration as a 
portable information processing device has no direct relation 
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to the present invention, so that illustration and explanation 
of constituents constituting the portable information 
processing device are omitted here. 

[0032] in Fig. 1, a CPU 30 is a central processing unit 

for making the portable information processing device carry 
out various operations as such r which is originally provided 
in the portable information processing device to which the 
power source voltage monitoring unit 40 is applied. 
[ 0033 ] The power source voltage monitoring unit 40 is for 

outputting a signal (interrupt signal). to the CPU 30 when the 
power source voltage becomes at or below a voltage that can 
normally operate the device (allowable voltage). The signal 
(interrupt signal) indicates that the power source voltage 
becomes at or below the allowable voltage. The power source 
monitoring unit 40 will be explained in detail below. 
[0034] The power source voltage monitoring unit 40 can 

be constituted as a gate array chip that is used to such kind 
of the portable information processing device. Namely , the 
unit can be constituted in the gate array chip having an analog 
input selector 41 and an A/D converter 42 which are originally 
provided in the portable information processing device, with 
a comparator circuit 43 , a reference voltage setting register 
44, an a/d conversion control circuit 45, and a timer 46 made 
contained . 



[0035] to the analog input selector 41, the comparator 

circuit 43, the reference voltage setting register 44, the A/D 
conversion control circuit 45, and the timer 46, control 
signals are made supplied from the CPU 30. 

[0036] to the analog input selector 41, in addition to 

the voice input from the microphone and the handwritten input 

data from the touch panel etc . , there is given the power source 

voltage from the battery. Any one of the i*put signals 

inputted to the analog input selector is selected by the analog 

input selector 42 and the selected signal is given to the A/D 

converter 42 to be subjected to digital conversion. 

[0037] The comparator circuit 43 compares the power 

source voltage digitized by the A/D converter 42 and the 

reference voltage set i* the reference voltage setting register 

44. When the power source voltage becomes at or below the 

reference voltage, the comparator circuit 43 outputs to the 

CPU 30 a signal indicating that the power source voltage has 

become at or below the reference voltage as an interrupt signal 
si. 

[0038] The tijn er 46 is for counting a clock signal and 

outputti^g a timing signal with a constant period. The timing 
signal is supplied to the analog input selector 41 and the A/D 
conversion control circuit 45 . The analog input selector 41 , 
on receiving the timing signal, selects the power source 
voltage from some analog input.gignals . The A/D conversion 
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control circuit 45, on receiving the timing signal, directs 
the A/D converter 42 to start an A/D conversion. With respect 
to the timer 46, the detail thereof will be described later. 
[0039] The basic operation in such a configuration will 

be first explained. 

[OtJ40] At first, the timer 46 and the register 44 for 

setting the reference voltage are initialized by the CPU 30. 
Namely, about the tiaer 46, along with the count value thereof 
set to be zero, a counting operation starting control is carried 
out. Furthermore, about the reference voltage setting 
register 44, setting of a reference voltage vl is carried out. 
[0041] with such initialization mede by the CPU 30, the 

tmer 46 starts counting operation to output a timing signal 
tl , t2 , . . . with a constant period . The timing s ignal is , along 
with being supplied to the analog input selector 41, supplied 
to the A/D conversion control circuit 45 as an A/D conversion 
starting signal. 

[ 0042 ] Suppose that the timing signal tl is outputted from 

the timer 46. By the timing signal tl, the analog input 
selector 41 selects the power source voltage. At the same time, 
the A/D converter 42 is started to carry out A/D conversion 
of the power source voltage inputted through the analog input 
selector 41. The digitized power source voltage is supplied 
to the comparator circuit 43. 
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[0043] At the comparator circuit 43, the power source 

voltage outputted from the A/D converter 42 (taken as vil) and 
the reference voltage vl being set in the reference voltage 
setting register 44 are compared. For vil>vl, the comparator 
circuit 43 takes the power source voltage as being normal to 
generate no signal to the CPU 30. 

[0044] with the next timing signal t2 outputted from the 

tuner 46, the analog input selector 41 selects the power source 
voltage again. At the same time, the A/D converter 42 is 
started to carry out A/D conversion of the power source voltage 
inputted through the analog input selector 41 . The digitized 
power source voltage is supplied to the comparator circuit 43, 
at which the power source voltage (taken as vi2) and the 
reference voltage vl from the reference voltage setting 
register 44 are compared. If vi2 is presented as vi2svl at 
this time, the power source voltage is taken as becoming at 
or below the voltage necessary for carrying out normal 
operation of the device (allowable voltage), by which an 
interrupt signal si is generated for the CPU 30. The CPU 30, 
on receiving the interrupt signal si, transmits a control 
signal to a power source circuit (not shown) to carry out a 
control such as a shutdown of the power source circuit. 
[ 0045 ] Thus, the timing signal with a constant period is 

outputted by the timer 46, the power source voltage is A/D 
converted every the period, andAhe operation of comparing the 
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digitized power source voltage with the reference voltage is 
carried out so that, when the power source voltage is at or 
below the reference voltage, the interrupt signal si is 
supplied to the CPU 30. 

[0046] in this way, in the voltage monitoring unit 40 

according to the present invention, after the initialization 
of the timer 46 and the reference voltage setting register 44 
is made by the CPU 30, the power source voltage monitoring 
operation is carried out independently of the Cpu 30. This 
necessitates the CPU 30 to carry out no operation for the power 
source voltage monitoring until the interrupt signal si is 
outputted from the power source voltage monitoring unit 40, 
Thus, the CPU 30 can exclusively carry out the processing, for 
example, the processing which the device must carry out for 
the original purpose thereof, when necessary, in addition, 
even when the CPU 30 is carrying out no processing (in the sleep 
mode) , the power source voltage monitoring unit 40 can carry 
out the power source voltage monitoring operation. Thus, it 
is sufficient for the CPU 3 0 to receive the interrupt signal 
si and carry out a processing in compliance therewith only when 
the power source voltage becomes at or below the reference 
voltage . 

[0047] As described above, according to the mode for 

carrying out the present invention, the power source voltage 
monitoring unit 40 carries ctujt the power source voltage 
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monitoring with an operation independent of that of the CPU 
30 to reduce processing for the CPO 30 . in addition, a circuit 
for monitoring the voltage can be made contained in a gate array 
chip etc. which is originally provided in such a kind of 
electronic device. This necessitates to separately provide 
no ic as the power source voltage monitoring unit to make the 
unit much advantageous from viewpoints of both cost and 
mounting space. 

[0048] Furthermore, since the reference voltage can be 

set as desired with a software processing by the era 30, it 
becomes possible to carry out a suitable setting of the 
reference voltage in compliance with types of batteries . m 
addition, even after the reference voltage is set in compliance 
with types of batteries, the reference voltage can be varied 
depending on the operating condition of the electronic device. 
For example, it is software-programmable to reset the reference 
voltage first set at Vl at a value a little below vl while a 
processing with large battery consumption is being carried out. 
With such a processing, even when the battery voltage is 
temporarily dropped largely due to an operation of the device 
with large voltage consumption, there is provided no drawback 
as experienced in a conventional unit which resulted in output 
of tte interrupt signal to the CPU 30 indicating that the 
battery voltage becomes at or below the reference voltage. 
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[0049] Figure 2 is a configuration diagram illustrating 

the mode for carrying out the present invention further in 
detail in which the configuration of the power source voltage 
monitoring unit 40 is shown in Fig. 1 in detail. In Fig. 2, 
the same components as those in Fig. 1 are denoted by the same 
reference characters. 

[0050] in practice, the analog input selector 41 selects 

the input signal with a control performed by a select signal 
control circuit 411. For example, when receiving timing 
signals tl, t2, ... from the timer 46, the select signal control 
circuit 411 controls the analog input selector 41 so as to 
select the power source voltage. In addition to this, an 
operation of selecting the analog input is also carried out 
with a software control by the CPU 30. Namely, in a normal 
operation, the operation of selecting input signals such as 
handwritten input information and voice information is carried 
out by the control signal from the CPO 30 . While, as explained 
above, in the power source voltage monitoring operation by the 
timer 46, the analog input selector 41 is operated so as to 
select the power source voltage on receiving the timing signals 
tl, t2, ... from the timer 46. 

[0051] The timer 46 has a oscillator circuit 461, a 

counter 462, a period setting register 463, and a count value 
comparator circuit 464. Clock pulses from the oscillator 
circuit 461 are counted at the^ounter 462, the count value 
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of which Is compared with a period set at the period setting 
register 4 63 at the count value comparator circuit 464. when 
the count value becomes identical with the value in the period 
setting register 463, an identicalness output is provided as 

timing signals tl, « The timing signals tl, t2, 

are to be outputted every period set in the period setting 
register 463. m addition, when the count value becomes 
identical with the value in the period setting register 463, 
a reset signal is outputted to the counter 462 to reset the 
count value in the counter 462. 

[0052] Furthermore, both starting of the counting 

operation of the clock pulse at the counter 462 and setting 
of the period to be set at the period setting register 463 are 
carried out with the initialization by the CPU 30. 
[0053] Moreover, the timing signals from the timer 46 

( identicalness signals from the count value comparator circuit 
464) tl, t2, ... are supplied to the select signal control 
circuit 411 and the A/D conversion control circuit 45, and 
further supplied to an A/D conversion termination control 
circuit 421. 

[ 0054 ] to the A/D conversion termination control circuit 

421, along with a signal indicating termination of the A/D 
conversion from the A/D converter 42, there are supplied the 
timing signals tl, t2 , ... from the timer 46 and further a 
control signal by the software control of the CPU 30. 
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[0055] Moreover, of outputs of the A/D conversion 

termination control circuit 421, one of the outputs slO is a 
signal outputted when the power source voltage is monitored 
by the timer 46, and is outputted as a control signal for 
instructing the comparator circuit 43 the starting of the 
comparison operation. The other output sll is outputted in 
the normal operation carried out by the device as a signal 
outputted to the CPU 30 for indicating the termination of the 
A/D conversion. 

[0056] The foregoing is a main constitution in Fig. 2. 

in addition to this, an oscillator circuit 422 is provided for 
outputting a clock signal necessary for the A/D converter 42 
to carry out the A/D conversion. Furthermore, a buffer 423 
for temporarily storing the A/D converted output, and the like 
are provided, as necessary. 

[0057] m Fig. 2, as inputs to the select signal control 

circuit 411, the A/D conversion control circuit 45, the A/D 
conversion termination control circuit 421 and the li*e, there 
are written respective control signals by software control. 
These are the control signals supplied from the CPU 30 when 
the device normally carries out various kinds of processing. 
[ 0058] For example, a select signal by software supplied 

to the select signal control circuit 411 is an expression of 
a control signal outputted from the CPU 30 for selecting any 
one of handwritten information and voice Information when the 
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processing of fetching these kinds of information and the like 
is carried out. Moreover, an A/D conversion starting signal 
by software supplied to the A/D conversion control circuit 45 
is an expression of a control signal for making the A/D 
converter 42 to start A/D conversion when carrying out the A/D 
conversion of the handwritten information and voice 
information, 

[0059] In such a constitution, an explanation will be made 

about the power source voltage monitoring operation carried 
out by the power source voltage monitoring unit 40, 
[0060] First, an initialization is carried out. The 

initialization is carried out with a software processing by 
the CPU 30, The details of the initialization are a setting 
of the reference voltage for the reference voltage setting 
register 44, a setting for the A/D conversion termination 
control circuit 421 to make the comparator circuit 43 operable 
when the a/d conversion is terminated, further, a setting of 
the period of the timing signal for the period setting register 
463 and a count start initiation for the counter 462 in the 
timer 46, and the like* 

E 0061 ] with the initialization like the above made by the 

CPU 30, the counter 462 carries out counting of the clock signal 
from the oscillator circuit 461 and transmits the count value 
to the count value comparator circuit 464. The count value 
comparator circuit 464, when the count value becomes identical 
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with the period set at the period setting register 463, outputs 
the timing signal tl as a timer output. The timing signal tl 
is supplied to the select signal control circuit 411, the A/D 
conversion control circuit 45 and the A/D conversion 
termination control circuit 421. 

[ 0062 ] The select signal control circuit 411 receives the 

timing signal tl from the timer 46 as a select control signal 
and carries out control of the analog input selector 41 to 
select the power source voltage, by which the power source 
voltage is supplied to the A/D converter 42. 
[0063] The A/D conversion control section 452 receives 

the timing signal t! from the timer 46 as an A/D conversion 
starting signal to initiate the A/D converter 42, by which the 
a/d converter 42 starts A/D conversion of the power source 
voltage. 

[ 0064 ] The A/D conversion termination control circuit 421 , 

on receiving the timing signal tl from the timer 46 as an A/D 
conversion termination signal and an A/D conversion 
termination signal from the A/D converter 42, outputs the 
signal slO to the comparator circuit 43 to allow the comparator 
circuit 43 to be in operable. 

[0065] Thus, the comparator circuit 43, on termination 

of A/D conversion of the A/D converter 42, takes in the 
digitized power source voltage (when the buffer 423 is provided, 
takes in the power source voltage temporarily stored in the 



buffer 43) to compare it with the reference voltage vi set at 
the reference voltage setting register 44. 

[0066] as a result of the comparison by the comparator 

circuit 43, for the power source voltage at the timing signal 
tl (taken as vil ) being as vil>vl, the comparator circuit 43 
outputs no signal to the CPU 30. 

[0067] when the next timing signal t2 is outputted from 

the timer 46, the select signal control circuit 411 controls 
the analog input selector 41 similarly to the above to select 
the power source voltage . At the same time , the A/D conversion 
control circuit 45 controls the A/D converter 42 to start A/D 
conversion, by which the power source voltage inputted through 
the analog input selector 41 is subjected to the A/D conversion. 
[0068] The power source voltage digitized by the A/D 

converter 42 (taken as vi2) is supplied to the comparator 
circuit 43, at which the power source voltage vi2 and the 
reference voltage vl are compared. At this time, if vi2 
becomes as vi2^vl f it is judged that the. power source voltage 
becomes below the voltage necessary for carrying out the normal 
operation, and the interrupt signal si is generated to the CPU 
30. on receiving the interrupt signal si, the CPU 30 
transmits a control signal to the power source circuit (not 
shown) to make the power source circuit shut down. At this 
time, for informing the user that the battery voltage becomes 
at or below the reference voltage, indication of some kind may 
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be also provided in such a way as to prepare and lighten a 
battery exhaustion indication lamp. 

[0069] m this way, by the timing signals tl, t2, ... with 

a constant period outputted from the timer 46, the power source 
voltage as an object of monitoring is made A/D converted. 
Further, the digitized power source voltage is judged whether 
it is at or below the reference voltage or not by the comparator 
circuit 43. when the power source voltage is at or below the 
reference voltage, the interrupt signal si is to be given to 
the CPU 30. 

[0070] Figure 3 is a flowchart illustrating the flow of 

the above operation, since the details of the operation has 
been already explained, a simple explanation will be presented 
here. 

[0071] First, the initialization is carried out by the 

CPU 30 (step ST1). The details of the initialization are 
settings of the period for the. period setting register 463 and 
the reference voltage for the reference voltage generating 
register 44, and further, the counting initiation starting of 
the counter 462 in the timer 46, and the like. This initiates 
the counter 462 to start counting (step ST2), and it is judged 
whether or not the count value becomes identical with the set 
value of the period setting register 463 (step ST3). when 
identical, along with generation of a timing signal at the count 
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value comparator circuit 464 , the counter 462 is reset (step 
ST4 ) . 

[0072] Further , the power source voltage is selected by 

the timing signal outputted from the count comparator circuit 
464 and A/D conversion is started on the power source voltage 
(step ST5). Thereafter, on terminating the A/D conversion, 
the A/D converted power source voltage (taken as vi) and the 
reference voltage vl set at the reference voltage setting 
register 44 are compared at the comparator circuit 43. That 
is, whether vi is presented as vi>vl or not is judged (step 
ST6) - When vi is presented as vi>vl, the flow is returned to 
step ST3 and the processing steps after ST 3 are repeated. 
While, when vi is not presented as vi>vl, it is judged that 
the power source voltage becomes at or below the voltage 
necessary for operating the device and the interrupt signal 
si is outputted to the CPU 30 (step ST7). 

[0073] on receiving the interrupt signal si, the CPU 30 

carries out a control to shut down the power source circuit 
(step ST8) , and indicates battery exhaustion to the user (step 
ST9) if, necessary. 

[0074] According to such a voltage monitoring control, 

it becomes unnecessary for the CPU 30 to carry out any 
processing for monitoring the power source voltage, after 
carrying out initialization such as settings of the period to 
the period setting register 463 of the timer 46 and the 
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reference voltage for the reference voltage generating 
register 44 , and further coant start initiation of the counter 
of the timer 46. 

[0075] Therefore, the CPU 30 can exclusively carry out 

processing which is to be done originally by the device at the 
time, if any. Moreover, even when there is no processing to 
be carried out by the CPU 30 (at the sleep mode), the power 
source voltage monitoring unit 4 0 can-carry out the power source 
( voltage monitoring operation. Then, only when the power 

source voltage becomes at or below the reference voltage, the 
interrupt signal si is transmitted to the CPU 30. The CPU 30 
then receives the interrupt signal s l and carries out 
processing in compliance therewith. Thus, the power source 
voltage monitoring unit 40 can carry out the power source 
voltage monitoring operation independently of the CPU 30. 
[0076] Further, since the reference voltage set at the 

reference voltage setting register 44 can be set freely, it 
becomes possible to set the reference voltage corresponding 
to that of the battery to be used. Moreover, since the period 
set at the period setting register 463 can be also set to a 
desired period, the period for monitoring the voltage can be 
also set freely. 

[0077] m the above modef gn example ±s shown ^ whj , ch 

the present invention is applied to a portable information 
processing device. However, the application is not limited 
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to this, but can be widely made to any electronic device 
provided with a processing unit such as a CPU, to which device 
a battery can be used as a power source, in addition, the 
present invention is not limited to the above mode, but becomes 
possible to be carried out with various modifications without 
departing from the gist of the present invention - 
[0078] Moreover, a processing program for carrying out 

the above explained processing according to the present 
invention can be stored in a recording medium such as a floppy 
disk, an optical disk or a hard disk- Thus, the present 
invention also includes the recording media . Furthermore, the 
processing program may be made so as to be obtained from a 
network. 
[0079] 

[Effects of the Invention] The present invention makes it 
possible to set as desired the reference voltage by software 
processing which voltage decides whether or not the power 
source voltage is at or above that necessary for normally 
operating the device. After the setting, an intermittent 
voltage monitoring operation by the timer is carried out 
independently of the CPU so that, when the power source voltage 
becomes at or below the reference value, a signal indicating 
this is transmitted to the CPU. This makes the voltage 
monitoring operation, after several kinds of initialization 
performed by the CPU, to be carried out independently of the 
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CPU. Therefore, little processing for the voltage monitoring 
becomes necessary for the CPU to carry out . Thus , the capacity 
of the cpu itself can be spent other kinds of processing which 
are to be originally carried out by the device. In addition, 
when the device is carrying out no processing, with the CPU 
kept in the sleep mode, the voltage monitoring unit can carry 
out the voltage monitoring operation independently to allow 
the CPU to hold the power consumption thereof in low. 
[0080] m addition, the reference voltage for carrying 

out the power source voltage monitoring can be set as desired 
by means of software processing carried out by the CPU. This 
makes it possible to suitably set the reference voltage of the 
battery in compliance with types of batteries to make it 
unnecessary to provide a plurality of voltage monitoring 
circuits each with a fixed reference voltage. Furthermore, 
it becomes possible to set also the period of the power source 
voltage monitoring as desired by the software processing 
carried out by the CPU. Thus, it can be made possible to carry 
out operations in compliance with various situations - 
[0081] Moreover, the present invention can be brought 

into realization with some inexpensive components made 
contained on a chip originally provided in the device. This 
does not largely affect on the cost and mounting space to make 
it possible to contribute cost reduction and miniaturization 
of the whole device . 
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[Brief Description of the Drawings J 

[Fig. l] a basic configuration diagram illustrating a power 
source voltage monitoring unit in a mode for carrying out the 
present invention. 

[Fig. 2] A configuration diagram illustrating the power 

source voltage monitoring unit in Fig. 1 in detail. 

[Fig. 3] a flowchart illustrating an operation procedure 

in a mode for carrying out the present invention. 

[ Fig . 4 ] a configuration diagram illustrating a first prior 

art. 

[Fig. 5] a configuration diagram illustrating a second 
prior art. 

[Description of the Reference Numerals and Signs] 
30 CPU 

40 power source voltage monitoring unit 

41 analog input selector 

42 a/D converter 

43 comparator circuit 

44 reference voltage setting register 

45 a/d conversion control circuit 
4 6 timer 

411 select signal control circuit 

421 a/d conversion termination control circuit 

422 oscillator cixcuit (for A/D converter) 

423 buffer 
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oscillator circuit (for timer) 
counter 

period setting register 

count value comparator circuit 
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[Fig. 1] 

30 CPU 

40 power source voltage monitoring unit 

41 analog input selector 

42 A/D converter 

43 comparator circuit 

44 reference voltage setting register 

45 a/d conversion control circuit 

46 timer 

a analog input 

b voice signal 

c handwritten input data 

d power source voltage 

e interrupt signal si 

f control signals 

[Fig. 2] 

41 analog input selector 

42 A/D converter 

43 comparator circuit 

44 reference voltage setting register 

45 A/D conversion control circuit 
411 select signal control circuit 

421 A/D conversion termination control circuit 

422 oscillator circuit ^ 
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423 buffer 

461 oscillator circuit 

462 counter 

463 period setting register 

464 count value comparator circuit 
a analog input 

b voice signal 

c handwritten input data 

d power source voltage 

e select signal by software control 

f count start (from CPU 30) 

g period setting (from CPU 30) 

h reset signal 

i timer 

j timing signals tl, t2 ... 

k A/D conversion starting signal by software control 

1 termination signal output control by software control 

m reference voltage setting (from CPU 30) 

n conversion termination signal 

o A/D conversion termination 

P interrupt signal si 

g to CPU 30 

A/D converted data 

s clock 

analog input 



digital output 

A/D conversion start 



[Fig- 3] 
start 

STl Initialization by CPU 

- Reference voltage setting 

. Period setting 

. Counter start 
ST2 Counter initiates counting 
ST3 Count value is identical with set value 
ST4 Reset counter along with outputtiag tijuing signal 
ST5 A/D conversion of power source voltage passed through 

analog input selector 
ST6 Comparison of vi and vl 
vi > vl? 

ST7 Output interrupt signal to CPU 
ST8 CPU controls power source circuit 
ST9 Indicate buttery exhaustion to user 
End 

TFig. 4] 

12 reference voltage generating circuit 
22 reference voltage generating circuit 
a power source voltage (vajfcus kinds of batteries) 
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b 



voltage monitoring IC1 
voltage monitoring IC2 



[Fig, 5] 

4 A/D converter 

a power source voltage (various kinds of batteries, 
^ b . A/D conversion" control signal 

•= digital signal (voltage) - ^ 
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